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(57) A machining apparatus includes: a shuttle unit
(3) that holds a differential case (10) and rotates the dif-
ferential case (10); a pair of opposed right and left ma-
chining units (4); and a tool support (6) that supports a
tool (40) for machining the differential case (10), in which
the pair of right and left machining units (4) each include
a slide mechanism dedicated for uniaxial sliding in right
and left directions, the shuttle unit (3) is movable in up
and down directions and front and back directions, a tool
attached to each of the pair of right and left machining
units (4) enables machining an end portion of an inner
surface of the differential case (10) and a flange hole of
the differential case (10), the end portion surrounding a
through hole, and a cutting edge of the tool (40) supported
by the tool support (6) enables spherically cutting the
inner surface of the differential case (10) held and rotated
by the shuttle unit (3).

DIFFERENTIAL CASE MACHINING MACHINE
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a machining apparatus for a differential case (differential gear case) and
relates to a machining apparatus for a differential case that not only spherically cuts an inner surface but also performs
a variety of machining operations of a differential case.

BACKGROUND

[0002] A variety of machining apparatuses that cut a differential case have been known. For example, in a jig for
workpiece machining described in Patent Literature 1, a differential case is supported on a mount to be rotated by a
motor, thereby making it possible to cut a spherical inner surface of the differential case with a cutting tool (machining
tool). More specifically, while the mount where the differential case is set is rotated, the NC-controlled cutting tool is
brought into contact with a lower end of a surface to be machined of the inner surface of the differential case. The cutting
tool is then moved in an arc from a lower end portion of the surface to be machined to an upper end portion thereof to
perform cutting.

[0003] Meanwhile, PatentLiterature 2 proposes a machining apparatus for a differential case, the machining apparatus
including a shuttle unit rotatable and slidable in front and back directions, an inner surface machining cutting tool changing
apparatus that slides in up and down directions, and a pair of right and left machining units opposed to each other with
aworkpiece in between, the machining apparatus enabling, without impairing versatility irrespective of a simple structure,
machining of a different area of a differential case.

Citation List
Patent Literature
[0004]

Patent Literature 1: Japanese Utility Model Laid-open No. 63-120701
Patent Literature 2: Japanese Patent Application Laid-open No. 2014-195851

SUMMARY
Technical Problem

[0005] Inner surface machining of a differential case includes end surface machining, in which a tool is rotated to
machine cut an end surface near a hole while a workpiece is fixed, and whole sphere machining, in which a spherical
surface or the like of an inner surface of a workpiece is spherically cut while the workpiece is rotated at a high speed.
The jig for workpiece machining described in Patent Literature 1 enables whole sphere machining of a differential case
but is a dedicated device for this machining operation, so that in performing shaft hole machining and end surface
machining, the differential case has to be transferred to other dedicated devices for performing these machining oper-
ations.

[0006] In contrast, the machining apparatus for a differential case described in Patent Literature 2 enables machining
a different area of a differential case by itself as described above, but the shuttle unit of this machining apparatus is
rotated merely for positioning and thus cannot cause a differential case to rotate at a high speed. For this reason, this
machining apparatus cannot perform whole sphere machining of a differential case.

[0007] The present disclosure is intended to solve a conventional problem as described above and an object thereof
is to provide a universal machining apparatus for a differential case that enables, without impairing versatility irrespective
of a simple structure, machining of a different area of a differential case in addition to whole sphere machining and end
surface machining by itself. Solution to Problem

[0008] To achieve the above-described object, a machining apparatus for a differential case according to the present
disclosure includes: a shuttle unit that holds a differential case and rotates the differential case; a pair of opposed right
and left machining units; and a tool support that supports a tool for machining the differential case, in which the pair of
right and left machining units each include a slide mechanism dedicated for uniaxial sliding in right and left directions,
the shuttle unit is movable in up and down directions and front and back directions, a tool attached to each of the pair
of right and left machining units enables machining an end portion of an inner surface of the differential case and a flange
hole of the differential case, the end portion surrounding a through hole, and a cutting edge of the tool supported by the
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tool support enables spherically cutting the inner surface of the differential case held and rotated by the shuttle unit.
[0009] This configuration allows the shuttle unit holding the differential case to rotate the differential case while being
movable in the up and down directions and the front and back directions, thus enabling whole sphere machining of the
inner surface of the differential case, and allows respective slide mechanisms of the pair of right and left machining units
to slide in the right and left directions, thus enabling the end surface machining of the inner surface of the differential
case with the tool attached to each of the machining units. In addition to this, the shuttle unit holding the differential case
is movable in the up and down directions and the front and back directions, thus enabling machining of the flange hole
arranged along a circumference of a flange of the differential case even though the slide mechanisms of the machining
units are dedicated for uniaxial sliding in the right and left directions and also enabling machining of a different area of
the differential case. That is, according to the present disclosure, while preventing an apparatus from being complicated
and increased in size, it is possible to perform, without impairing versatility irrespective of a simple structure, machining
of a different area of the differential case, such as a side gear hole, in addition to whole sphere machining and end
surface machining by the single apparatus.

[0010] In the machining apparatus for a differential case according to the present disclosure, it is preferable that a
cutter to be attached to the tool of each of the machining units be delivered by a robot. Further, it is preferable that the
tool support be rotatable and attachable with the tool to be attached to each of the machining units. These configurations
can make it easy to replace the tool and can increase types of tools usable for machining.

Advantageous Effects of Invention

[0011] The advantageous effects of the present disclosure are as above and may be summarized by saying that whole
sphere machining of the inner surface of a rotated differential case is made possible, machining of flange holes arranged
along a circumference of a flange of the differential case is also made possible in addition to the end surface machining
of the inner surface of the differential case with a tool attached to each of the machining units, and, further, machining
of a different area of the differential case is made possible, thus while preventing an apparatus from being complicated
and increased in size, enabling, without impairing versatility irrespective of a simple structure, machining of a different
area of the differential case, such as the flange holes, in addition to whole sphere machining and end surface machining
by the single apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is a perspective view of a workpiece that is an object to be machined by a machining apparatus for a differential
case according to one embodiment of the present disclosure;

Fig. 2 is a vertical cross-sectional view of the workpiece illustrated in Fig. 1;

Fig. 3 is a horizontal cross-sectional view of the workpiece illustrated in Fig. 1;

Fig. 4 is a vertical cross-sectional view of another example of the workpiece that is the object to be machined by
the machining apparatus for a differential case according to one embodiment of the present disclosure;

Fig. 5 is a vertical cross-sectional view of still another example of the workpiece that is the object to be machined
by the machining apparatus for a differential case according to one embodiment of the present disclosure;

Fig. 6 is a front view of the machining apparatus for a differential case according to one embodiment of the present
disclosure;

Fig. 7 is a perspective view illustrating that a pair of shaft holes are being machined in the machining apparatus for
a differential case according to one embodiment of the present disclosure;

Fig. 8 is a perspective view illustrating a state of a differential case rotated around a longitudinal center axis by 90
degrees from a state in Fig. 7;

Fig. 9 is a perspective view illustrating a state of the workpiece moved downward integrally with an elevating body
from the state in Fig. 8;

Fig. 10 is a perspective view illustrating a state where boring and tapping of flange holes have been completed
around an entire circumference of a flange from the state in Fig. 9;

Fig. 11 is a perspective view illustrating a relevant portion of the machining apparatus illustrated in Fig. 6 in a state
immediately before a tool is put into an opening of the workpiece;

Fig. 12 is a cross-sectional view illustrating a relevant portion in a state where the workpiece is set in the machining
apparatus in one embodiment of the present disclosure;

Fig. 13 is a cross-sectional view illustrating the relevant portion in a state where machining of the workpiece is started
in one embodiment of the present disclosure;

Fig. 14 is a cross-sectional view illustrating the relevant portion in a state where the machining of the workpiece
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progresses in one embodiment of the present disclosure;

Fig. 15 is a cross-sectional view illustrating the relevant portion in a state where the machining of the workpiece
further progresses in one embodiment of the present disclosure;

Fig. 16 is a cross-sectional view illustrating the relevant portion in a state where the machining of the workpiece has
been completed in one embodiment of the present disclosure;

Fig. 17 is a front view of a tool changer according to one embodiment of the present disclosure;

Fig. 18 illustrates a state where a cutter is sandwiched between a pair of tools attached to machining units in one
embodiment of the present disclosure; and

Fig. 19 illustrates a state where another cutter is sandwiched between the pair of tools attached to the machining
units in one embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0013] Description is made below on one embodiment of the present disclosure with reference to the drawing. First,
description is made on a workpiece 10, which is an object to be machined, with reference to Figs. 1 to 3. The workpiece
10 is a differential case, that is, a built-in case for a differential transmission mechanism. Fig. 1 is a perspective view of
the workpiece 10, Fig. 2 is a vertical cross-sectional view of the workpiece 10 illustrated in Fig. 1, and Fig. 3 is a horizontal
cross-sectional view of the workpiece 10 illustrated in Fig. 1. Figs. 1 to 3 each illustrate the workpiece 10 having been
machined, shaft holes 12 and flange holes 17 of which are to be subjected to machining such as boring with a tool
attached to each of machining units 4 of a machining apparatus 1 for a differential case illustrated in Fig. 6.

[0014] In Fig. 1, a flange 16 is formed surrounding a side surface of a cylindrical portion 11 and the plurality of flange
holes 17 are formed in the flange 16. In Fig. 2, the shaft holes 12, that is, a pair of through holes, are formed in the side
surface of the cylindrical portion 11 and axle holes 13, that is, a pair of through holes, are formed in top and bottom of
the cylindrical portion 11. Further, in Fig. 3, a pair of window-shaped openings 14 are formed in the side surface of the
cylindrical portion 11. An inner surface 15 of the workpiece 10 is in the form of a spherical surface with a radius r.
[0015] In the workpiece 10 according to the present embodiment, the inner surface 15 is in the form of a spherical
surface as a whole. The workpiece 10 is not limited to this and independent four surfaces, namely, a surface 50, a
surface 51, a surface 52, and a surface 53, may be in the form of a spherical surface or in a form close to a spherical
surface as in a workpiece 60 illustrated in Fig. 4. Further, as in a workpiece 61 illustrated in Fig. 5, two independent
surfaces, namely, a surface 54 and a surface 55, may be in the form of a spherical surface or in a form close to a spherical
surface. Although exaggeratedly illustrated in the form of projections in Fig. 4 and Fig. 5 for the convenience of explanation,
the surface 50 to the surface 55 are each actually a surface continuous with the other surfaces. The spherical surface
or the like of any of the workpiece 10, the workpiece 61, and the workpiece 62 can be spherically machined while the
workpiece is rotated at a high speed with a cutting edge being in contact with the spherical surface or the like. In the
present embodiment, spherically cutting a spherical surface or the like of an inner surface of a workpiece while rotating
the workpiece at a high speed is referred to as whole sphere machining.

[0016] Further, the inner surface machining of the workpiece may include spherically machining, within the inner
surface of the workpiece, only an end surface 56 near each of shaft holes 58 as in Fig. 18 or machining, within the inner
surface of the workpiece, an end surface 57 (flat surface portion) defined near each of axle holes 59 as in Fig. 19. In
the present embodiment, cutting an end surface of an inner surface of a workpiece by rotating a tool while fixing the
workpiece is referred to as end surface machining. As described later, end surface machining is a separate process
using a dedicated tool different from that of the whole sphere machining.

[0017] Description is made below on the machining apparatus 1 for a differential case according to one embodiment
of the present disclosure. First, a configuration of the machining apparatus 1 is schematically described with reference
to Fig. 6. Fig. 6 is a front view of the machining apparatus 1 for a differential case according to one embodiment of the
present disclosure. In Fig. 6, a shuttle unit 3, the machining units 4, an ATC (automatic tool changing apparatus) 5, and
a tool support 6 are mounted on a base 2.

[0018] The shuttle unit 3 can hold a differential case and rotate it. The shuttle unit 3 includes an elevating body 30
and is movable integrally with it in Y-directions (front and back directions). Rotation of a ball screw 32 caused by a motor
31 makes it possible to the elevating body 30 to move along a guide 33 in Z-directions (up and down directions). The
elevating body 30 includes a clamper 34 that holds the workpiece 10 and a rotary mount 35 that rotates the clamper 34.
This configuration causes the workpiece 10 to rotate integrally with the rotary mount 35 while being held by the clamper
34. The shuttle unit 3 enables the rotary mount 35 to perform two types of rotation: a low-speed rotation for positioning
of the workpiece 10 (approximately 10 rpm) and a high-speed rotation for the whole sphere machining of the workpiece
10 (for example, 400 to 600 rpm).

[0019] More specifically, the shuttle unit 3 can move the workpiece 10 in the Y-directions (front and back directions)
and the Z-directions (up and down directions) while rotating the workpiece 10 at a high speed, thus allowing for not only
the positioning of the workpiece 10 but also the later-described whole sphere machining. Itis also possible to continuously
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circularly move the workpiece 10 or move the workpiece 10 along a contour of each area thereof by continuously moving
the workpiece 10 in the Y-directions (front and back directions) and the Z-directions (up and down directions) with the
rotation of the workpiece 10 stopped, thereby allowing for later-described contouring and deburring.

[0020] Further, itis possible to sequentially machine a different area of the workpiece 10 by moving the workpiece 10
in the Y-directions (front and back directions) and the Z-directions (up and down directions) every time when machining
of each area of the workpiece 10 is completed, thereby allowing for machining of a different area of the workpiece 10,
such as later-described flange holes.

[0021] Atool 40 is fixed to the tool support 6. The tool 40 includes a cutting edge for cutting the spherical inner surface
of the workpiece 10. Machining of the workpiece 10 with the tool 40 is performed while the workpiece 10 is moved with
the tool 40 fixed. The tool 40 and the machining of the workpiece 10 using it will be described later in detail.

[0022] The machining units 4, which are a right and left pair, are opposed to each other, allowing the workpiece 10
moved downward from a position of Fig. 6 to be sandwiched therebetween. A tool 20 is attached to a distal end of each
of the machining units 4. In the present embodiment, tools 20 can be selectively used in accordance with an area to be
machined and the tool 20 attached to each of the machining units 4 is automatically replaced with necessary one of the
tools 20 by the ATC 5.

[0023] The ATC 5 includes a rotating disk 70 and the plurality of tools 20 are removably attached to the rotating disk
70. The elevating body 71 is guided by a guide shaft 72, allowing the ATC 5 to vertically move. To replace the tool 20,
the elevating body 71 is moved downward and the tool 20 attached to the distal end of each of the machining units 4 is
replaced with the tool 20 attached to the rotating disk 70 of the ATC 5.

[0024] The machining units 4 each include a housing 21, a motor for tool drive 22, and a motor for sliding 23. A driving
force of the motor for tool drive 22 is transferred to a driving force transfer mechanism (not illustrated), causing the tool
20 to rotate. A driving force of the motor for sliding 23 is transferred to a ball screw mechanism (not illustrated). This
causes each of the machining units 4 to slide and reciprocate in X-axis directions (right and left directions). More
specifically, a slider 24, which is integral with each of the machining units 4, slides along a guide rail 25.

[0025] The machining of the workpiece 10 by the machining apparatus 1 is specifically described below. Fig. 7 is a
perspective view illustrating that the pair of shaft holes 12 penetrating through both sides of the cylindrical portion 11 of
the workpiece 10 are being machined. A tool 26 for machining the shaft holes 12 is attached to each of the machining
units 4 in advance by the ATC 5 (Fig. 6).

[0026] As illustrated in Fig. 6, the workpiece 10 is held by the clamper 34 when attached to the machining apparatus
1, and in performing machining by the machining units 4, the shuttle unit 3 is moved in the front and back directions (Y-
directions) and the elevating body 30 is moved downward (Z-directions) until a position where a center of each of the
shaft holes 12 of the workpiece 10 is in alignment with a center of the tool 26 is reached as illustrated in Fig. 7.

[0027] The machining units 4 are each horizontally moved (X-directions) toward the shaft hole 12 from the state in
Fig. 7, putting a distal end of the tool 26 into the shaft hole 12, and an inner circumferential surface of the shaft hole 12
is machined by rotation of the tool 26. When the machining is completed, the machining units 4 are each horizontally
moved to recede toward an original position.

[0028] In the machining apparatus 1 according to the present embodiment, the elevating body 30 with the workpiece
10 rotatably held by the clamper 34 in Fig. 6 is movable in the up and down directions (Z-directions) and the shuttle unit
3 including the elevating body 30 is movable in the front and back directions (Y-directions) as described above. That is,
the workpiece 10 is rotatable and movable in both the up and down directions (Z-directions) and the front and back
directions (Y-directions). Therefore, the machining units 4, which are dedicated for uniaxial sliding in the right and left
directions (X-directions), enable machining of a variety of areas of the workpiece 10.

[0029] Specifically, 90-degree rotation of the workpiece 10 around a longitudinal center axis from the state in Fig. 7
causes the distal ends of the machining units 4 to face the respective axle holes 13 while causing a flat portion of the
flange 16 to face a distal end side of each of the machining units 4. Fig. 8 illustrates this state. In the state of this figure,
the tool attached to each of the machining units 4 has been replaced with a tool 27 for the axle holes 13 by the ATC 5
(Fig. 6) and a distal end of the tool 27 is put into the axle hole 13 to machine the inner circumferential surface of the axle
hole 13 by rotation of the tool 27.

[0030] Fig. 9 illustrates a state where the workpiece 10 is moved downward integrally with the elevating body 30 (Fig.
6) from the state in Fig. 8. In this state, the tool attached to one of the machining units 4 has been replaced with a tool
28 for boring flange holes by the ATC 5 (Fig. 6) and the tool attached to the other machining unit 4 has been replaced
with a tool 29 for tapping flange holes, the tool 28 for boring and the tool 29 for tapping both facing the flange 16. The
machining unit 4 attached with the tool 28 for boring is moved toward the flange 16 and this movement is continued
even after the tool 28 for boring comes into contact with the flange 16, thereby boring the flange holes 17 (Fig. 10) in
the flange 16 with the rotated tool 28 for boring.

[0031] After one of the flange holes 17 is bored in the flange 16, the machining unit 4 attached with the tool 29 for
tapping is moved toward the flange 16 and this movement is continued even after a distal end of the tool 29 for tapping
comes into contact with the flange hole 17, thereby tapping the flange hole 17 with the rotated tool 29 for tapping.
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[0032] Fig. 10 illustrates a state where boring and tapping of the flange holes 17 have been completed around an
entire circumference of the flange 16. According to the present embodiment, after the completion of the boring of each
of the flange holes 17, the flange hole 17 can be directly taped while keeping the workpiece 10 held without the necessity
of replacing the tool, thus allowing for performing flange hole machining with a high accuracy and in a short time.
[0033] The workpiece 10 is movable integrally with the shuttle unit 3 in the up and down directions (Z-directions) and
the front and back directions (Y-directions) as described above. Thus, although the machining units 4 are dedicated for
uniaxial sliding in the right and left directions (X-directions), the movement of the workpiece 10 allows the distal end of
the tool attached to each of the machining units 4 to face any position within the flange 16, performing boring and tapping
of the flange holes 17 around the entire circumference of the flange 16.

[0034] The workpiece 10 is rotated and, if necessary, the shuttle unit 3 and the elevating body 30 thereof are moved
as in the flange hole machining, thereby making it possible to machine other areas of the workpiece 10, such as a dowel
hole, a side gear hole, and a differential lock hole.

[0035] Further, since the workpiece 10 is movable in both the up and down directions (Z-directions) and the front and
back directions (Y-directions), each area of the workpiece 10 can be circularly moved. Thus, with an endmill attached
to the machining unit 4, contouring of the shaft holes 12 and the axle holes 13 is made possible. Likewise, with the
endmill attached to the machining unit 4, contouring of a spirally formed oil groove is made possible by circularly moving
the workpiece 10.

[0036] Further, since the workpiece 10 is movable in both the up and down directions (Z-directions) and the front and
back directions (Y-directions), it is also possible to not only circularly move each area of the workpiece 10 but also move
the workpiece 10 along a contour of each area thereof. By causing such a movement, deburring of the openings 14 (see
Fig. 1) of the workpiece 10 and the like is made possible. Thus, deburring is concentrated in the machining apparatus
1, eliminating the necessity of the use of a dedicated apparatus for deburring.

[0037] Fig. 11 is a perspective view illustrating a relevant portion of the machining apparatus 1 illustrated in Fig. 6 in
a state immediately before the tool 40 is put into the opening 14 of the workpiece 10. An operator 7 is illustrated for the
convenience of defining front and back but a scale thereof is not accurate. In Fig. 11, the tool 40 includes a shank 41
and a cutting edge 42 fixed thereto. The tool 40 is fixed to the tool support 6.

[0038] Regarding the two tools 40 illustrated in Fig. 11, the different cutting edges 42 may be used, making one of the
tools 40 intended for roughing cut and the other tool 40 intended for finishing. Although the two tools 40 are illustrated
in Fig. 11, the single tool 40 may be provided or two or more may be arranged in a comb form. In addition, the tools 40
may be removably attachable to the tool support 6, allowing the tools 40 to be replaced in accordance with the content
of machining.

[0039] In Fig. 11, in performing the whole sphere machining of the workpiece 10, the shuttle unit 3 (see Fig. 6) is
moved in the front and back directions (Y-directions), positioning the openings 14 of the workpiece 10 with respect to
the tool 40. Subsequently, the elevating body 30 (see Fig. 6) is moved downward, putting the tool 40 into the workpiece 10.
[0040] Description is made below on the whole sphere machining of the workpiece 10 with the tool 40. As illustrated
in Fig. 6, the rotary mount 35 is attached to the elevating body 30, the clamper 34 is attached to the rotary mount 35,
and the workpiece 10 is held by the clamper 34. Fig. 12 is a cross-sectional view illustrating a relevant portion of the
workpiece 10 in a state set in the machining apparatus 1. The workpiece 10, the clamper 34, and the rotary mount 35
are simplistically illustrated in a cross-sectional state. Although the workpiece 10 is identical to the workpiece 10 illustrated
in Fig. 1 to Fig. 3, a cutting allowance 18 of the inner surface of the workpiece 10 is exaggeratedly illustrated in the form
of projections for the convenience of explanation of cutting. These illustrations also apply to Fig. 13 and those subsequent
thereto.

[0041] When the rotary mount 35 is rotated around a center axis 36 thereof, the workpiece 10 is rotated integrally with
it (see an arrow R). In a state in Fig. 12, the workpiece 10 is rotated around the center axis 36 integrally with the rotary
mount 35 and the workpiece 10 is in a standby state for whole sphere machining. The rotation of the workpiece 10 is a
high-speed rotation for whole sphere machining, a rotational frequency of which is, for example, 400 to 600 rpm as
described above.

[0042] Description is made below on the whole sphere machining of the workpiece 10 in order of steps. Fig. 13 is a
cross-sectional view illustrating the relevant portion in a state where the machining of the workpiece 10 is started. In this
figure, which illustrates a state where the workpiece 10 is moved downward (Z-direction) and moved backward (Y-
direction) from the state in Fig. 12, the cutting edge 42 of the tool 40 enters the cylindrical portion 11 of the workpiece
10 and the cutting edge 42 is in contact with the cutting allowance 18 of the workpiece 10. With the workpiece 10 moved
downward (Z-direction) and moved backward (Y-directions) from this state, the cutting edge 42 comes into contact along
the inner surface of the rotated workpiece 10, thus spherically cutting the cutting allowance 18.

[0043] Fig. 14 is a cross-sectional view illustrating a state where the whole sphere machining of the workpiece 10
progresses from the state in Fig. 13. In the state of this figure, the workpiece 10 is moved backward (Y-direction) while
moved downward (Z-direction) from the state in Fig. 13. This causes the cutting of the cutting allowance 18 to progress
with a part of the cutting allowance 18 spherically cut. Fig. 15 is a cross-sectional view illustrating the relevant portion
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in a state where the whole sphere machining of the workpiece 10 further progresses. In the state of this figure, the
workpiece 10 is moved backward (Y-direction) while moved downward (Z-direction) from the state in Fig. 14. This causes
the cutting of the cutting allowance 18 to progress with approximately half of the cutting allowance 18 spherically cut.
[0044] Fig. 16 is a cross-sectional view illustrating the relevant portion in a state where the whole sphere machining
of the workpiece 10 has been completed. In the state of this figure, the workpiece 10 is moved forward (Y-direction)
while moved downward (Z-direction) from the state in Fig. 15. This completes the cutting of the cutting allowance 18
with the whole of the inner surface of the workpiece 10 spherically cut.

[0045] While the whole sphere machining of the inner surface of the workpiece has been described above, end surface
machining is not necessary for an object such as the workpiece 10 with an inner surface in the form of a spherical surface
as a whole, since the whole of the inner surface is machined by whole sphere machining. Further, end surface machining
is also not necessary for an object such as the workpiece 60 illustrated in Fig. 4 with the surface 50 to the surface 53
near the shaft holes 12 and near the axle holes 13 each being in the form of a spherical surface, since these surfaces
are machined by whole sphere machining. In contrast, as in the workpiece 61 illustrated in Fig. 5, without interference
of the cutting edge, surfaces 63 near the axle holes 13 are each in the form of a flat surface while the surface 54 and
the surface 55 can be machined by whole sphere machining, making end surface machining additionally necessary for
machining the surfaces 63.

[0046] In contrast, areas of the workpiece 62 illustrated in Fig. 18 requiring the inner surface machining include the
end surface 56 near each of the shaft holes 58 and the flat end surface 57 near each of the axle holes 59. In this case,
end surface machining is necessary instead of whole sphere machining. With a cutter further attached to the tool attached
to each of the machining units 4, the machining apparatus 1 according to the present embodiment also enables the end
surface machining of an inner surface of a workpiece.

[0047] Fig. 17 is a front view of one example of a tool changer for attaching a cutter to a tool attached to each of the
machining units 4. A tool changer 49 illustrated in this figure is to be used in place of the tool 40 and the tool support 6
of the machining apparatus 1 illustrated in an A-portion in Fig. 6. The tool changer 49 includes a tool support 8 and a
tool 43, a tool 45, a tool 47, and a tool 48 fixed thereto. The tool 43 and the tool 45 include a cutting edge 44 and a
cutting edge 46, respectively, and a cutter 54 and a cutter 55 are removably attached to the tool 47 and the tool 48,
respectively.

[0048] Similarly to the tool 40 (see Fig. 11), the tool 43 and the tool 45 are intended for whole sphere machining: the
tool 43 is usable for roughing cut and the tool 45 is usable for finishing. The cutter 54 attached to the tool 47 is intended
for cutting an end surface into a spherical surface and the cutter 55 attached to the tool 48 is intended for cutting a flat
end surface. The tool support 8 is rotatable around a center 37 (a direction of an arrow B) and movable in the up and
down directions (Z-directions).

[0049] In machining a workpiece with the tool 43, the tool support 8 is rotated to set the tool 43 upright as in Fig. 17.
The same applies to a case where a workpiece is to be machined with the tool 45. An operation after the tool 43 or the
tool 45 is set upright is similar to that in the case regarding the tool 40 described with reference to Fig. 12 to Fig. 16.
[0050] In a case of using the cutter 54, after the tool 47 is set upright by rotating the tool support 8, the tool support 8
is moved upward (Z-direction), putting the cutter 54 into a workpiece. Next, the cutter 54 is sandwiched between a pair
of tools 38 (see Fig. 18) attached to the machining units 4 and then the tool support 8 is moved downward (Z-direction),
thereby separating the tool 47 from the cutter 54.

[0051] Fig. 18 illustrates a state where the cutter 54 is sandwiched between the pair of tools 38 attached to the
machining units 4. In this state, the tool 47 (see Fig. 17) is separated from the cutter 54. The workpiece 62 illustrated in
this figure, which has a different inner surface shape that of the workpiece 10 illustrated in Fig. 1 to Fig. 3, does not
require whole sphere machining but requires end surface machining for machining the end surface 56 near each of the
shaft holes 58 into a spherical surface and end surface machining for machining the end surface 57 near each of the
axle holes 59 into a flat surface. Fig. 18 illustrates that one of the end surfaces 56 near the pair of shaft holes 58 is being
machined and the other end surface 56 can be machined by horizontally (X-direction) moving each of the machining
units 4.

[0052] A case of using the cutter 55 (see Fig. 17) is similar to the case of using the cutter 54 and Fig. 19 illustrates a
state where the cutter 55 is sandwiched between a pair of tools 39 attached to the machining units 4. In this state, the
tool 48 (see Fig. 17) is separated from the cutter 55. The workpiece 60 illustrated in Fig. 19 is rotated by 90 degrees
from the state in Fig. 18 and this figure illustrates that the end surface 57 near one of the axle holes 59 is being machined.
[0053] Although an example where the tool changer 49 is used to attach the tool for end surface machining to the tool
attached to each of the machining units 4 has been described in the above-described embodiment, this configuration is
not limitative but a robot may be used to deliver the cutter to the tool attached to each of the machining units 4.

[0054] While one embodimentof the presentdisclosure has been described above, according to the present disclosure,
the shuttle unit that holds a differential case can rotate the differential case while being movable in the up and down
directions and the front and back directions, thus enabling whole sphere machining of an inner surface of the differential
case, and respective slide mechanisms of the pair of right and left machining units slide in the right and left directions,
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thus enabling the end surface machining of the inner surface of the differential case with the tool attached to each of
the machining units. In addition to this, the shuttle unit that holds the differential case is movable in the up and down
directions and the front and back directions, thus enabling machining of flange holes arranged along a circumference
of a flange of the differential case even though the slide mechanisms of the machining units are dedicated for uniaxial
sliding in the right and left directions and also enabling machining of a different area of the differential case. That is,
according to the present disclosure, while preventing an apparatus from being complicated and increased in size, it is
possible to perform, without impairing versatility irrespective of a simple structure, machining of a different area of the
differential case, such as flange holes, in addition to whole sphere machining and end surface machining by the single
apparatus.

[Reference Signs List]

[0055]

1 machining apparatus
3 shuttle unit

4 machining unit

5 ATC

6,8 tool support

10, 60, 61, 62 workpiece (differential case)
14 opening

17 flange hole

30 elevating body

40, 43, 45,47, 48  tool

42,44, 46 cutting edge

Claims

1. A machining apparatus for a differential case, the machining apparatus comprising:

a shuttle unit that holds a differential case and rotates the differential case;

a pair of opposed right and left machining units; and

a tool support that supports a tool for machining the differential case, wherein

the pair of right and left machining units each include a slide mechanism dedicated for uniaxial sliding in right
and left directions,

the shuttle unit is movable in up and down directions and front and back directions,

a tool attached to each of the pair of right and left machining units enables machining an end portion of an inner
surface of the differential case and a flange hole of the differential case, the end portion surrounding a through
hole, and

a cutting edge of the tool supported by the tool support enables spherically cutting the inner surface of the
differential case held and rotated by the shuttle unit.

2. The machining apparatus for a differential case according to claim 1, wherein a cutter to be attached to the tool of
each of the machining units is delivered by a robot.

3. The machining apparatus for a differential case according to claim 1, wherein the tool support is rotatable and
attachable with the tool to be attached to each of the machining units.
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